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A B S T R A C T   

Electrostatic dust cloths have previously been used to study microorganisms in settled dust by placing the cloths 
horizontally on surfaces (called Electrostatic Dust Collectors, EDC). In this study, we investigate whether the 
same cloths, henceforth called ‘E-Cloths’, can be used to study accumulation of microorganisms and endotoxin on 
workers’ clothes. This was studied as current methods have limitations. It was examined for waste collection 
workers, as their work environment is associated with elevated exposure to microorganisms and endotoxin. Each 
worker received a kit with a T-shirt with an attached E-Cloth on the front, a instruction letter, and a question-
naire. Workers wore the T-shirts during the next two workdays. Unaffected by waste type collected, it was 
possible to measure the accumulation of bacteria, fungi, and endotoxin from the work environment on the E- 
Cloths. Geometric mean concentration of 9 × 106 CFU bacteria/m2, 1 × 107 CFU fungi/m2, and 4 × 104 

endotoxin units/m2 were found. In total, 100 different bacterial and 25 fungal species were found. The genus 
Bacillus (with 18 species) and Brevibacterium aurantiacum were among the dominating bacteria. For fungi, 
Penicillium brevicompactum, P. commune, Penicillium italicum, and Aspergillus niger were most often found. 
Importantly, mainly environmental bacteria and fungi had accumulated on the E-Cloths and only few skin- 
related bacterial species were present, showing that accumulation had happened from the work exposure and 
not workers’ skin. In conclusion, the T-shirts with an E-Cloth can be used as a self-administered method for 
measurement of accumulation of microorganisms and endotoxin from the work environment on waste collection 
workers’ clothes.   

1. Introduction 

Work with waste collection is associated with elevated exposure to 
airborne microorganisms including infectious and allergenic species and 
endotoxin (Krajewski et al., 2002; Madsen et al., 2019a; Madsen et al., 
2021). If microorganisms from the work environment accumulate on 
clothes, it may act as a source of exposure, as it may be transported to the 
home and cause exposure during, for example, handling of laundry. 
Therefore, there is an interest in obtaining knowledge about the accu-
mulation of microorganisms on waste collection workers’ clothes. Pre-
vious studies have mainly focused on health professionals, and contact 
plates with an agar medium (size: 0.0025 m2) have been used for taking 
samples from clothes (Heudorf et al., 2017; Pinon et al., 2013). In a 
single study, samples were taken from waste workers’ clothes and 
samples were taken using swabs (size: 0.0015 m2) (Park et al., 2011). In 
a study with unspecified subjects, both sides of the clothes was vac-
uumed for 30 s followed by extraction of β-glucan (Siebers et al., 2007). 

From ancient clothes samples have been taken using adhesive tape 
(Pangallo et al., 2013). For dust accumulation on work shirts a 
destructive method with agitation of a piece of the shirt has been used 
(Cohen and Positano, 1986). 

In this study, we investigated whether microorganisms and endo-
toxin are present in a detectable and quantifiable level on a cloth (size: 
0.033 m2) mounted on T-shirts of waste collection workers. We wanted 
to study microorganisms accumulating on the cloth rather than on the 
clothes itself to avoid skin microorganisms from the person wearing the 
clothes and also to minimize microorganisms and endotoxin deriving 
from the clothes itself. By using a cloth the sampling process with a 
swab, vacuum cleaner, tape, or contact plate is avoided. This is of 
importance because the pressure on the samplers and the structures of 
the textiles may affect the sampling efficiency (Dolan et al., 2011; Lutz 
et al., 2013; Moore and Griffith, 2007; Whyte et al., 1989). 

We used the type of cloth used in Electrostatic Dust Collectors (EDC) 
(Noss et al., 2010) which is used for sampling airborne particles when 
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placed on a horizontal surface. The method has been used for sampling 
airborne endotoxin, microorganisms, allergens, and pyrogenic activity 
in environments with low to high exposure (Frankel et al., 2012; 
Kilburg-Basnyat et al., 2014; Liebers et al., 2012; Madsen et al., 2019b; 
Madsen et al., 2012; Normand et al., 2016; Noss et al., 2008; Rocchi 
et al., 2017; Vijayakumar et al., 2021; White et al., 2019; Zahradnik 
et al., 2011). 

In this study, we investigated whether the cloth used in the EDCs, 
henceforth called E-Cloth, could be used to study accumulation of mi-
croorganisms and endotoxin on waste collection workers’ clothes. Thus 
T-shirts mounted with an E-cloth, an instruction letter, and a short 
questionnaire on waste type collected were sent to the workers as a kit, 
in order to test the E-cloth and the feasibility of this kit as an easy way for 
workers to do a self-administrated assessment. 

The following was used to evaluate the successfulness of the E-Cloth 
as a method to study accumulation of microorganisms and endotoxin on 
workers’ clothes. a) Was it possible for the workers to correctly use the 
T-shirts and answer a questionnaire. b) Were the E-Cloths still firmly 
attached to the T-shirts after two days use, and could they easily be 
remove from the T-shirts post use without damaging them. c) Were 
concentrations of microorganisms and endotoxin above the detection 
levels. And d) were the microorganisms on E-Cloths dominated by skin 
or environmental related microorganisms. 

2. Methods 

2.1. Study design and the kit 

The study took place in the Greater Copenhagen area with one 
sampling campaign during two whole and consecutive workdays in May 
2020, between 6 am and 5 pm with temperatures between 6 and 12 ◦C. 
Thirteen male waste collection workers from the same company 
participated voluntarily. They worked in teams of two, except for one 
who during one day worked alone. The workers were from 11 different 
teams, and 2x2 workers were from the same teams. We made a short 
instruction letter and a questionnaire about types of waste collected, 
work tasks, and whom they worked with (supplementary file). The 
questionnaire was pre-tested by the waste workers’ trade union for 
readability. The workers received a kit containing the instruction letter, 
the questionnaire, and a clean white cotton T-shirt with an E-Cloth. At 
the end of the day, the workers filled out the questionnaire. The ques-
tionnaires showed that, except for one person, each worker acted as both 
driver of the truck and waste loader (collecting containers with waste 
and emptying the containers), and that the types of waste collected 
were: 2xbulky waste (big items not in bags), 2xpaper (not in bags, inside 
containers), 3xbiowaste (in bags inside containers), 5xresidual waste (in 
bags inside containers), and 1x3-types container (with 3 separate 
chambers for plastics, metal (cans etc.), and electronics (nothing in 
bags)). 

2.2. Accumulation on E-Cloths and extraction of microorganisms and 
endotoxin 

The E-Cloth Cloth (ZEEMAN, Alphen, Netherland) was stitched on 
the T-shirts on a disinfected table using sterile tools and gloves. Each E- 
Cloth had a surface exposure size of 0.033 m2 (14.5 × 23 cm). The 
densities of the E-Cloth and the T-shirts were measured for 4 cloths and 4 
pieces of T-shirt cotton (20x20cm). Before weighing, they were equili-
brated at constant air temperature and humidity for 24 h. The density of 
the E-Cloths were 27 g/m2 and of the T-shirts 164 g/m2. The T-shirts 
with the E-Cloths were worn by the waste collection workers throughout 
the entire workdays. The workers were asked to take off the T-shirts 
after the first workday and to fold them on the middle, so the two half 
parts of the E-Cloth covered each other (supplementary file), place them 
in their personal locker, and wear it again the following morning. After 
the second workday, they were again asked to take off the T-shirts fold 

them in the same way and place them in plastic bags, which we collected 
and brought to the laboratory. 

Within 4 h after the completion of the second workday, the E-Cloths 
were removed from each T-shirt using a seam ripper. Microorganisms 
and endotoxin were extracted by placing the cloth in 20 mL sterile 
extraction solution (MilliQ water with 0.85% NaCl and 0.05% Tween80) 
in 50 mL sterile tubes and shaking at 500 rpm for 30 min at room 
temperature. 

2.3. Cultivation and quantification of bacteria and fungi 

For the identification and quantification of cultivable bacteria, sus-
pensions were plated on Nutrient agar (NA; Thermo Fisher Scientific 
Oxoid, Basingstoke, UK) plates with actidione (cycloheximide; 50 mg/L; 
Serva, Germany) and on SSI agar (SSI Diagnostica Enteric Medium, SSI 
Diagnostica, Hillerød, Denmark) plates. NA plates were incubated at 
25 ◦C and 37 ◦C and were counted after seven and three days, respec-
tively. SSI plates were incubated at 37 ◦C and colonies were counted 
after 24 h. For fungi, suspensions were also plated on Dichloran Glycerol 
agar (DG18; Thermo Fisher Scientific Oxoid, Basingstoke, UK) and on 
Sabouraud agar (Oxoid, Basingstoke, United Kingdom, with 2 % agar). 
The DG18 agar plates were incubated at both 25 ◦C and 37 ◦C for seven 
and three days, respectively, and Sabouraud agar plates at 25 ◦C for 2–3 
days. Following incubation, all visible bacterial and fungal isolates were 
counted for colony forming units (CFU) and identification. The data are 
expressed CFU/m2 E-Cloth. 

2.4. Identification of bacteria and fungi 

Bacterial and fungal isolates were identified by matrix-assisted laser 
desorption-ionisation time-of-flight (MALDI-TOF) mass spectrometry 
(MS) by using a Microflex LT mass spectrometer (Bruker Daltonics, 
Germany) as described previously (Rasmussen et al., 2021). Spectra 
were analysed using Bruker Biotyper 3.1 software with the BDAL stan-
dard library and filamentous library 1.0. Bacterial isolates were pre-
pared using the extended direct transfer method according to the 
manufacturer’s instructions, while fungal isolates were grown in over-
night cultures in Sabouraud Growth Medium (Thermo Fisher Scientific 
Oxoid) and prepared using the ethanol extraction method. 

2.5. Endotoxin and optical density 

To determine the concentration of endotoxin, the extracts from the E- 
Cloths were centrifuged (1000xg) for 15 min. The supernatant was 
stored at − 80 ◦C until they were analysed (in duplicate) in three di-
lutions 20, 100, and 200 times using the rFC assay (Lonza Inc.) as 
described by the supplier and elsewhere (Thorne et al., 2010). The data 
are expressed as endotoxin units (EU)/m2 E-Cloth. 

To get a measure of how ‘dirty’ the T-shirts were we determined the 
Optical Density (OD) of the extraction of the E-Cloths. The absorbance of 
a sample is measured as a logarithm, and it is directly proportional to the 
concentration of the light-absorbing material in the sample. The ODs 
were quantified using the ELx808 Absorbance Microplate reader (Bio-
TekInstruments Inc., Winooski, VT). The dust suspensions were vortexed 
and an aliquot of 200 mL was added to a transparent microtitre plate and 
measured at 630 nm (OD630). 

All measurements were above the detection limit. 

2.6. Data treatment 

Concentrations of bacteria were based on the sum of bacteria on 
Na25◦C, NA37◦C, and SSI37◦C agar incubated at different temperatures. 
Fungal concentrations were based the average of fungi on DG1825◦C and 
Sabauraud25◦C plus fungi on DG1837◦C. Based on identifications by 
MALDI-TOF MS, bacteria were further divided into gram-positive and 
gram-negative bacteria. Data for bacteria, fungi, and endotoxin were 
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lognormal distributed and the geometric mean (GM) concentrations 
(CFU/m2 cloth) and confidence limits (Cl) were calculated (Limpert 
et al., 2001). The OD630 data were normal distributed. The effect of 
waste type on concentrations were analysed using Mixed Models with 
random effect of Team. Pearson’s correlation between concentrations of 
all bacteria, gram-positive bacteria, gram-negative bacteria, all fungi, 
endotoxin, and OD630 were calculated. All statistical analysis were 
performed in SAS 9.4. 

3. Results 

3.1. Evaluation of the E-Cloths and a kit for self-administered assessment 
of microbial accumulation on clothes 

Four factors were determined to evaluate the successfulness of the 
method, and we found that 1) it was possible for the workers to correctly 
use the T-shirts and answer the questionnaire. The workers informed us 
that the T-shirts and attached E-Cloths did not disturb their work. All 
had filled out the questionnaires about waste type collected and 
numbers of colleagues correctly, and they reported no problems filling in 
the questionnaire. 2) The E-Cloths were still firmly attached on the T- 
shirts after the two workdays, and it was possible to remove the cloths 
from the T-shirts again without contamination and damaging the cloths. 
3) Microbial and endotoxin concentrations were above detection levels 
(Table 1), and 4) E-Cloths were mainly containing environmental bac-
teria and fungi, with low concentrations of skin related bacteria. Results 
from points 3) and 4) are described in further detail below. 

3.2. Bacteria, fungi, and endotoxin - concentrations 

Concentrations of microorganism are presented in Table 1. The 
concentration of bacteria correlated significantly with the concentration 
of gram-negative bacteria (r = 0.75, p = 0.0032) and gram-positive 
bacteria (r = 0.96, p < 0.0001), but not with endotoxin, (r = 0.50, p 
= 0.084), fungi (r = -0.41, p = 0.16), and OD630 (r = 0.45, p = 0.12). 
Gram-negative bacteria correlated significantly with concentrations of 
endotoxin (r = 0.71, p = 0.0069) and gram-positive bacteria (r = 0.85, p 
= 0.0002). The concentration of fungi tended to correlate negatively 
with OD630 (r = -0.54, P = 0.059), but not with other examined factors. 

The concentration of bacteria (p = 0.62), gram-negative bacteria (p 
= 0.35), gram-positive bacteria (p = 0.27), endotoxin (p = 0.18), and 

OD630 (p = 0.56) on the E-Cloths were not affected significantly by the 
type of waste collected. However, waste type had a significant effect on 
the concentration of fungi on the E-Cloths (p = 0.0062). Thus, it was 
higher for workers who collected biowaste (GM = 3.1x107 CFU/m2) or 
the 3-types of waste (3.5x107 CFU/m2) than for workers collecting bulky 
waste (GM = 1.6x106 CFU/m2) and paper waste (GM = 8.1x105 CFU/ 
m2). The concentration of fungi was also higher for workers collecting 
biowaste than for residual waste (6.1x106 CFU/m2), and it was higher 
for residual waste than paper waste (all ps < 0.0001). 

3.3. Bacterial and fungal species 

Bacteria and fungi were identified using MALDI-TOF-MS and con-
centrations are presented in heat maps (Tables 2 and 3). In total, 100 
different bacterial species were found and of these 38 species were gram 
negative. Eighteen different species from the genus Bacillus were iden-
tified. As an example, 38 different bacterial species were found on E- 
Cloths of workers collecting biowaste. Some species were only found on 
a single E-Cloth (Table 2) and some only when using a single cultivation 
condition (Fig. 1). In total, 61 different species were found on NA25◦C, 42 
species on NA37◦C and 22 species on SSI37◦C. 

All together, 25 different fungal species were found and a single 
species, Penicillium commune, was found on all E-Cloths and using both 
agar media for fungi. Eleven different Penicillium species were found 
after incubation at 25 ◦C, and one species, P. citrinum was also detected 
at 37 ◦C (Fig. 1). Aspergillus fumigatus was found on 9 of 13 E-Cloths: all 9 
samples on DG1837◦C and on 3 using Sab25◦C but in none using DG1825◦C. 
The species A. niger was found in 11 of 13 E-Cloths. Of these, in all 11 
samples on DG1837◦C, on 3 using Sab25◦C, and 3 using DG1825◦C. Some 
few fungal species were found only on a single E-Cloth. 

4. Discussion 

Overall, this study shows that the E-Cloth could stay on the T-shirt 
for both sampling days, could be removed again, and that the waste 
collection workers were able to follow our instructions, and that envi-
ronmental microorganisms accumulated on the E-Cloths on T-shirts to a 
level, which could be combined with identification and quantification of 
microorganisms and endotoxin. As described in the introduction, we 
selected the E-Cloth for this study for several reasons including that it 
has been well described for sampling sedimenting microbial components 
and allergens on horizontal surfaces (the EDC-method). The selection of 
the method with application of a cloth on the T-shirt was chosen as an 
attempt to minimize contamination by microorganisms from the 
workers’ own skin and from the clothes before work. The microbial 
identifications revealed many different species and that microorganisms 
on the E-Cloths were not dominated by skin related species. Bacteria 
such as Propionibacterium, Acidovorax, Pelomonas, Staphylococcus capitis, 
S. cohnii, S. epidermidis, S. hominis, S. pasteuri, S. pettenkoferi, S. simulans, 
S. waneri, and S. xylosus are all commonly present on human skin 
(Cosseau et al., 2016) and in indoor home dust (Langan et al., 2019; 
Madsen et al., 2018) – of these only two Staphylococcus species were 
found on the E-cloths. MALDI-TOF MS analysis also revealed that the E- 
Cloths were dominated by species previously found in the exposure of 
waste collection, receiving, and sorting workers (Degois et al., 2017; 
Madsen et al., 2020a; Madsen et al., 2019a; Rasmussen et al., 2021) as e. 
g.: Brevibacterium aurantiacum, Bacillus cereus, B. megaterium, B. pumilus, 
S. equorum, all Penicillium and Aspergillus species and also less frequently 
found species as e.g. Corynebacterium callunae, Lelliottia amnigena, and 
Pseudoclavibacter helvolus. Based on this, we conclude that the E-Cloth 
method can be used to obtain knowledge about accumulation of mi-
croorganisms from the environment on a work shirt. 

While the E-cloth has several advantages including a large and fixed 
sampled area, and a large extracted volume which can be used for 
several different laboratory analysis, it also has a limitation. Thus, 
different clothing materials may accumulate microorganisms from the 

Table 1 
Concentrations of bacteria and fungi on E-Cloths (n = 13) as measured under 
different cultivation conditions, concentration of endotoxin on E-Cloths, and 
optical density of the suspensions from E-Cloths.   

Average GM  Confidence 
limits 

Unit 

Bacteria      
NA25◦C 31.9 × 106 3.5 ×

106 

a [2.2–5.6 × 106 ] CFU/m2 

NA37◦C 131.9 × 105 1.1 ×
105 

b [1.0–1.1 × 105 ] CFU/m2 

SSI37◦C 5.2 × 104 1.7 ×
104 

c [2.6–1.1 × 104 ] CFU/m2 

Fungi      
DG1825◦C 13.9 × 106 3.2 ×

106 

b [3.0–3.5 × 106 ] CFU/m2 

DG1837◦C 19.6 × 103 9.6 ×
103 

c [5.6–16.5 × 103 ] CFU/m2 

Sabouraud25◦C 14.6 × 106 7.6 ×
106 

a [4.3–13.4 × 106 ] CFU/m2 

Endotoxin 7.9 × 104 4.2 ×
104 

– [2.2–8.1 × 104] EU/m2 

OD630 45.8 229 – [159–299] OD630/ 
m2 

GM of fungi or bacteria followed by the same letter are not significantly 
different. 
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Table 2 
Concentrations (CFU/m2) of bacterial species on E- cloths on T-shirts of workers (n = 13) collecting bulky, paper, bio, and residual waste, and 3 types of waste (plastic, 
metal, and electronics). The larger the concentration, the darker the blue color.  

(continued on next page) 
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environment to different degrees. Thus under laboratory conditions 
Escherichia coli adhered to different degrees to different fabrics (Bajpai 
et al., 2019), and used shirts made of wool or polyester contained more 
β-glucan than shirts made of cotton (Siebers et al., 2007). Therefor the E- 
cloth cannot be used to compare different types of work clothes. How-
ever, skin bacteria can penetrate woven clothing (Whyte et al., 1978) 

and may also be sampled. The E-cloth method can be used unaffected by 
the material of the work clothes and thus to e.g. compare the potential 
accumulation on clothes in different environments where work clothes 
of different materials are used and e.g. during different seasons where 
different types of clothes are used. 

The GM concentrations of bacteria (NA25◦C) and fungi (DG1825◦C) on 

Table 2 (continued ) 

1)Colleagues using the same truck (a team); 2)Only collecting waste – not driving the car; 3) Colleagues using the same truck. N = gram-negative bacteria, P = gram- 
positive bacteria. 
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Table 3 
Concentrations (CFU/m2) fungal species on E- cloths on T-shirts of workers (n = 13) collecting bulky, paper, bio, and residual waste, and 3 types of waste (plastic, 
metal, and electronics). The larger the concentration, the darker the blue color.  

1)Colleagues using the same truck; 2)Only collecting waste – not driving the car; 3) Colleagues using the same truck. 

Fig. 1. Venn diagram of species of gram-negative bacteria found on the E-Cloths on T-shirts used for two days as measured using Nutrient agar incubated at 25 ◦C 
(Na25◦C) or 37 ◦C (Na37◦C) or SSI agar incubated at 37 ◦C (a) and of fungal species as measured using Sabouraud agar incubated at 25 ◦C (Sab25◦C) or DG18 agar 
incubated at 25 or 37 ◦C (b). Ps. = Pseudomonas, P. = Penicillium, A. = Aspergillus, *Species found only in one sample. 
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the E-Cloth were 3.5 × 106 cfu bacteria/m2 and 3.2 × 106 cfu fungi/m2. 
This method has not been used previously for measuring microorgan-
isms on work clothes, and to get an impression of the measured levels we 
compare them with studies where the E- cloth has been used for sam-
pling sedimenting microorganism and endotoxin (the EDC-method). 
Thus, in a study with EDC sampling for 14 days in living rooms con-
centrations of bacteria and fungi (Madsen et al., 2012) were around 100 
times lower than after 2 days use of the T-shirts with E-cloths. The EDC 
has also been used in control and technical rooms in biowaste receiving 
plants where the concentrations of bacteria were considerably lower 
while concentrations of fungi reached the levels found on the E-cloths on 
the workers T-shirts (Rasmussen et al., 2021). The concentration of 
endotoxin on the E-Cloths was much higher than concentrations 
measured for 7 or 14 days sampling in homes using the EDC method 
(Kilburg-Basnyat et al., 2016; Madsen et al., 2012; Noss et al., 2010). As 
an expression for the ‘dirtiness’ of the T-shirts we measured OD630. 
However, from the present study, we cannot conclude whether OD630 is 
a good estimate of the dustiness of the E-Cloths. 

For all laboratory analyses the suspensions extracted from the E- 
cloths had to be diluted due to the high concentrations of microorgan-
isms and endotoxin. Hence, we expect that the concentrations would 
also be above the detection level if the workers had only used the T- 
shirts for 1 day – making it possible to study the accumulation at a daily 
basis. Another aspect of the high concentration (cfu/m2) of microor-
ganisms on the E-cloths is that it shows that it would be impossible to use 
contact plates for measurement of microorganisms on waste collection 
workers’ T-shirts as the concentration (GM) is more than 200 times 
higher than what can be measured with contact plates. 

The E-Cloth has a low density (27 g/m2) and we expect that this 
facilitates the extraction in comparison with extraction directly from the 
T-shirt (density 164 g/m2) and makes it possible to extract a relatively 
large area. In a study, authors sampled from workers’ gloves and pants 
by swabbing a 0.0015 m2 area, and found very high concentrations of 
bacteria and fungi (Park et al., 2011) even though recovery efficiencies 
for different swab methods are typically below 5% (Madsen et al., 
2020b; Moore and Griffith, 2007; Obee et al., 2007). A study concludes 
that endotoxin on EDCs is most efficiently extracted with pyrogen-free 
water with Tween (Noss et al., 2010) with a extraction efficiency for 
microorganisms on approximately 58% (Madsen et al., 2012). Based on 
the larger area analysed and the extraction efficiency combined with the 
high concentrations as well as the species richness measured in the E- 
Cloths in this study, we expect to obtain a reliable measure for potential 
accumulation of microorganisms on work clothes using this method. The 
E-Cloth can be placed on the area(s) of interest on the work clothes and 
opens up for future studies on microorganisms on work clothes. 

As illustrated by the Venn diagram, the three cultivation conditions 
for bacteria seem all to be necessary to be able to measure the different 
bacterial species. Some human related bacteria were only found after 
incubation at 37 ◦C as e.g. Enterobacter cloacae and Achromobacter 
mucicolens. Their absence on NA25◦C may be due to competition by faster 
growing species. Some species as e.g. Acinetobacter bohemicus and Jan-
thinobacterium lividum were found only at 25 ◦C, which is in accordance 
with their inability to grow at 37 ◦C (Krizova et al., 2014; Valdes et al., 
2015). The fungi grew fast on Sabouraud and had to be identified after 
only 2–3 days. In spite of that, we did not find fewer isolates nor species 
on Sabouraud than on DG18 agar. However, the DG18 agar plates were 
easier to handle due to the restricted growth rate. Fungal species found 
at 25 ◦C only on DG18 or only on Sabouraud were species found only 
once, and therefore it is not clear whether the findings are related to the 
agar medium or the probability of finding a fungus in a sub-sample. 
Thus, based on this study none of the three cultivation conditions 
seems redundant. 

Increased waste sorting has been implemented as a step towards 
circular economy (European-Environment-Agency, 2019), however, this 
is typically associated with reduced waste collection frequency (Madsen 
et al., 2021), which may furthermore increase exposure to bioaerosols. 

Taken together, it is therefore even more important to protect workers 
from exposure at work – but also to reduce so called ‘take home expo-
sure’. For a ‘take home exposure’ perspective, it would be relevant to 
also analyze the E-Cloths for allergens and antibiotic resistant micro-
organisms as even low concentrations of these may cause health prob-
lems in particular for sensitive people. Some waste types are mainly 
placed in bags in waste containers, e.g. biowaste, while other waste 
types, e.g. metal, is often placed directly in waste containers, and e.g. 
bulky waste may be collected directly by hand. Based on the concen-
trations of microorganisms and endotoxin found on the E-Cloths of 
workers collecting bagged waste, the bags do not appear to protect the 
workers from exposure. It will be relevant to further study how these 
different waste types, amount of waste collected, and collection methods 
affect the accumulation of microorganisms on work clothes – especially 
in light of the concentrations of microorganisms and endotoxin found in 
this study as well as the presence of Risk group 2 species (Unfallversi-
cherung, 2017): Enterobacter cloacae, Bacillus cereus, Serratia marcescens, 
Stenotrophomonas maltophilia, Aspergillus fumigatus, and A. niger. As ex-
amples on occupational health effects A. fumigatus has caused respira-
tory diseases (Hagemeyer et al., 2013), A. niger ear infections (Bünger 
et al., 2000), and Bacillus cereus eye infections (Martinez et al., 2007). 

In conclusion, by handing out a kit with instructions on the use of the 
T-shirts with E-Cloths and a questionnaire it was possible for the waste 
collection workers to use the T-shirts in the correct way and to inform us 
about the waste type collected. We therefore conclude that the kit can be 
used for self-administration for assessment of accumulation of micro-
organisms on work clothes. Unaffected by waste type collected, it was 
possible to measure the accumulation of bacteria, fungi, and endotoxin 
from the work environment of waste collection workers using E-Cloths 
mounted on clean T-shirts. During the two workdays, the E-Cloths seem 
not to become contaminated by workers’ own skin bacteria, and ana-
lyses revealed the presence of 100 different cultivable bacterial species 
and 25 different cultivable fungal species in addition to endotoxin. Due 
to the high concentrations measured it will also be possible to study the 
accumulation of microorganisms and endotoxin during only a single 
workday with waste collection, unlike the two accumulated workdays 
used in the present study. 
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